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DESCRIPTION 



PRODUCT ION OF PHYSIOLOGICALLY ACTIVE PROTEINS USING GENE 

RECOMBINANT SILKWORMS 

5 

Technical Field 

The present invention relates to a process for 
producing a recombinant cytokine using a silkworm 
incorporating a cytokine gene in its chromosomes. In 

10 addition, the present invention relates to a gene 

recombinant silkworm having the property of producing a 
recombinant cytokine in a silk gland or cocoon and silk 
thread, and a vector for inserting an exogenous gene into 
silkworm chromosomes for producing the recombinant 

15 silkworm. In addition, the present invention also 

relates to a process for producing exogenous protein 
using insect cells, insect tissue or insects to which a 
gene has been inserted using the aforementioned vector* 
. Moreover, the present invention relates to silk thread 

2 0 containing an exogenous protein produced by a recombinant 
silkworm obtaine.d in the present invention. 

Background Art 

The production of exogenous proteins using gene 
25 * recombination technology is used in various industries* 
The hosts used for their production consist mainly of E. 
coli t yeast, animal cells, plant cells and insect cells. 
However, a host has yet to be developed that is capable 
of efficiently producing all kinds of exogenous proteins 
30 and, as it is necessary to construct a production system 
.for each target protein, a technical breakthrough is 
being sought in technology for producing exogenous 
proteins in individual hosts/ 

Systems using bacteria like E. coll or yeast have 
35 problems with posttranslational modification, and in some 
cases these systems are unable to synthesize proteins in 

4 

a form that allows -them to function adequately. In 



addition, although animal cells allow proteins to be 
synthesized in a functional form, it is typically 
difficult to grow these cells and the production volume 
is low thereby making this uneconomical. 

On the other hand, in the production of gene 
recombinant proteins using insects or insect cells , 
useful proteins having enzymatic or physiological 
activity can be produced comparatively inexpensively and 
modifications can.be obtained, following protein 
translation, that resemble those in animals. More 
specifically, a method in which a baculovirus 
incorporated a recpmbinant .exogenous gene is infected 
into insects or insect cells allows the exogenous protein 
to be produced comparatively inexpensively, and 
physiologically active proteins are known that have been 
commercialized as pharmaceuticals (Japanese Unexamined 
Patent Publication Nos. 61-9288 and 61-9297). 

in the case of the production of cytokines, which 
are physiologically active substances having 
immunoregulatory functions and which are attracting 
attention in pharmaceutical applications, methods are 
disclosed in Japanese Unexamined Patent Publication Nos* 
3-139276 and 9-234085 in which silkworms are inoculated 
with BmNPV containing a feline interf eron-co gene and a 

canine interferon-y gene, respectively* In addition, a 
process for producing human collagen using insect cells 
infected with baculovirus is known as an example of the 
production -of a protein other than interferon using 
insects (Japanese Unexamined Patent Publication No* 8- 
23979)* 

However, as technologies for producing recombinant 
proteins using insects or insect cells of the prior art 
use a recombinant virus to incorporate an exogenous gene, 
there is the problem of the need for deactivation or . 
containment of recombinant virus from the viewpoint of 
safety. In addition, in methods in which a recombinant 
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virus is inoculated into a silkworm, as the inoculation 
of the recombinant virus is troublesome task and the 
target exogenous protein is produced in silkworm 
hemolymph, it is necessary to purify the target 
recombinant protein from the large amount of 
contaminating proteins originating in the body fluids of 
the silkworm. Consequently, there was the problem of it 
being difficult to obtain a highly pure recombinant 

protein. . * 

On the other hand, attempts have been made in recent 

years to recombine exogenous genes into insect 
chromosomes , and a method has been developed that uses 
homologous recombination to introduce and express in 
silkworm chromosomes a fused gene in which jellyfish 
green fluorescence- protein gene was coupled to silkworm 
fibroin L chain gene using DNA of Autographa californica 
nuclear polyhidrosis virus (AcNPV) , which is a type of 
nuclear polyhedrosis virus (Genes Dev., 13, 511-516, 

1999) , and a silkworm containing human collagen gene and 
a production process have been disclosed that utilize 
this technology (Japanese Unexamined Patent Publication 
No- 2001- .161214). Recently, research has been conducted 
on a method for expressing a protein encoded by an 
exogenous gene by stably introducing that exogenous gene 
into s'ilkworm chromosomes using piggyBac , which is a 
transposon originating in a lepidopteron, using the 
jellyfish green fluorescence protein as a model, and the 
gene has been confirmed to be stably propagated to 
■offspring by mating (Nature Biotechnology, 18, 81-84, 

V * 

2000) . 

However, in the aforementioned method for inserting 
an exogenous protein gene into insect chromosomes using 
AcNPV, as a recombinant baculovirus (AcNPV) is used, . 
there is still the problem of having to deactivate and 
contain the recombinant virus. In the example that used 
the piggyBac transposon, as the amount of green 
fluorescence protein produced is inadequate and as it is 
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also produced throughout the silkworm, sophisticated 
purification technology is required to recover the 
expressed recombinant green fluorescence protein in a 
highly pure form, thereby resulting in the method being 
uneconomical. in addition, the amount of recombinant 
protein produced is inadequate and extremely low. 

Namely, in this technology for producing an 
exogenous protein using insect cells as a host, there are 
several problems such as the need to deactivate and 
contain the recombinant baculovirus, the difficulty in 
purifying the target protein from body fluid in which a 
large amount of contaminating proteins are present, as in 
the case of using silkworms, and the expressed amount of 
the target protein being low. 

There are no known examples, thus far, of expressing 
a target protein by inserting a gene that encodes a 
physiologically active protein such as a cytokine gene 
into silkworm chromosomes. In addition, there are also 
no examples of having recovered a recombinant cytokine 
from a site, other than silkworm body fluid, such as a 
silk gland or silk thread secreted by silkworms, and 
confirming the physiological activity of the resulting 
cytokine, in addition, there are also no precedents 
regarding a silkworm capable of inheriting such 
properties.. In addition, there, are no examples of having 
produced a large amount of recombinant protein in silk 
thread using a recombinant silkworm produced using a 
transposon* 

DISCLOSURE OF THE INVENTION 

Although extensive research has been conducted on 
technologies for producing recombinant proteins using 
insects,, there are problems such as the need to 
deactivate and contain the recombinant baculovirus in 
which the exogenous protein gene has been incorporated, 
or the need to take a lot of time and labor associated 
with inoculating the recombinant virus* in addition, the 



production of exogenous protein in silkworms using 
recombinant baculovirus had the problem of it being 
difficult to extract and purify the target protein from 
body fluid containing large . amounts of contaminating 
proteins . 

Although studies have been conducted on 
technologies, for producing recombinant proteins, in 
which an exogenous protein gene has been inserted into 
silkworm chromosomes, these have problems consisting of 
the small amount of target exogenous protein produced and 
the difficulty in purifying the target protein from 
silkworm body fluid. 

In consideration of these circumstances, the object 
of the present invention is to provide a genetic 
engineering material for insects that does not require 
the use of recombinant baculovirus and enables a target 
protein having physiological activity to be purified 
easily, while simultaneously providing a process for 
producing exogenous protein using that genetic 
engineering material • 

As a result of extensive studies, the inventors of 
the present invention found that, by inserting a DNA 
sequence having a structure in which a gene that encodes 
a target protein is coupled downstream from a. promoter 
.specifically expressed in silkworm silk glands into 
silkworm chromosomes using DNA originating in a 
transposon, the target protein is produced in the silk 
glands, or the cocoon and the silk thread, in a form that 
retains physiological activity, thereby leading to 
completion of the present invention. In the present 
invention, as the recombinant protein can be recovered 
from the silk glands or silk and cocoon thread without 
containing a large amount of contaminants, it offers the 
advantage of allowing the target protein to be purified 
easily. Moreover, as a virus like baculovirus is not 
used, virus deactivation is not necessary thereby 
allowing the recombinant protein to be produced both 



easily and safely. 

In addition, as a result of conducting extensive 
studies focusing on the fact that the silkworm silk 
glands, and particularly the posterior silk gland, 
produces a large amount of fibroin that accounts for 70 
to 80% of silk protein, and that the fibroin is secreted 
by the silk gland cells, the inventors of the present 
invention found that the amount of exogenous protein 
produced is increased considerably by inserting into silk 
gland cells a gene cassette in which the 5' terminal of 
an exogenous protein gene is coupled to the 3 ' terminal 
of a fibroin H chain gene 5' terminal portion containing 
a first intron of fibroin H chain gene downstream from a 
promoter expressed in the silk glands so that the amino 
acid frames are continuous. In addition, it was also 
found that a large amount of exogenous protein is 
secreted and produced by silk gland cells when a fused 
gene in which the 3 ' terminal portion of fibroin H chain 
gene is coupled to the 3' side of an exogenous protein 
gene, so that the amino acid frames are continuous, is 
expressed under the control of a promoter expressed in 
silk glands. in addition, it was also found that a 
recombinant silkworm produces a large amount of a target 
protein in its silk threads when a gene cassette was 
produced in which a DNA sequence of the 5 ' terminal • 
portion containing a first intron of fibroin H chain gene 
on the 5' side of an exogenous protein gene, and a DNA 
sequence of the 3 • terminal portion of fibroin H chain 
gene on the 3' side, were respectively designed so that 
their amino acid frames were continuous, followed by 
producing a recombinant silkworm in which that gene 
cassette was inserted into its chromosomes.' 

The inventors of the present invention succeeded in 
producing a large amount of exogenous protein in silk 
gland cells, outside silk gland cells and in silk thread 
by inserting into silk gland cells and so forth an 
expression gene cassette in which the DNA sequence' of the 



5 ' terminal portion and the DNA sequence of the 3 1 
portion of fibroin H chain gene were fused to an 
exogenous protein gene, and were able to establish an 
exogenous protein production technology that facilitates 
purification by producing an exogenous protein using silk 
glands instead of using a recombinant baculovirus . 

Namely , the present invention relates to a process 
for producing a recombinant cytokine comprising producing 
a gene recombinant silkworm that incorporates a cytokine 
gene in its chromosomes, and recovering the cytokine from 
the silk glands or cocoon and silk thread. Moreover, the 
present invention also relates to a gene recombinant 
silkworm in which a cytokine gene is incorporated, and a 
gene recombinant vector used to insert the cytokine gene 
into the silkworm. 

Moreover/ the present invention relates to a genetic 
engineering material, such as the gene cassette or vector 
described below, capable of being used for exogenous 
protein production in insects, a transf ormant , a process 
for producing exogenous protein using that transf ormant , 
and silk thread containing exogenous protein. 

Thus, the present invention provides 1) a gene 
cassette for expressing an exogenous protein comprising 
(1) a promoter expressed in silk glands, and (2) a gene 
coupled downstream from (1) in which the 5' terminal 
portion of fibroin H chain gene is fused to the 5' side 
of an exogenous protein structural gene. 

Moreover, the present invention provides 2) a gene 
cassette for expressing an exogenous protein comprising 
(1) a promoter expressed in silk glands, and (2) a gene 
coupled downstream from (1) in which the 3* terminal 
portion pf fibroin H chain gene is fused to the 3 1 side 
of an exogenous protein structural gene not containing a 
stop codon. Alternatively, the present invention 
provides a gene cassette for expressing an exogenous 
protein comprising (1) a promoter expressed in silk 
glands, and (2) a gene coupled downstream from (1) in 



which an exogenous protein structural gene is fused to 
the 3' side of the 3' terminal portion of fibroin H chain 
gene. 

Moreover, the present invention provides 3) a gene 
cassette for expressing an exogenous protein comprising 
(1) a promoter expressed in silk glands, and (2) a gene 
coupled downstream from (1) in which the 5 r terminal 
portion of fibroin H chain gene is fused to the 5* side 
of an exogenous protein structural gene not .containing a 
stop codon, and the 3* terminal portion of. fibroin H 
chain gene is fused to the 3 1 side of the structural 
gene* 

In addition, the present invention provides 4) an 
expression vector for insect cells containing a gene 
cassette for expressing an exogenous protein according to 
any of the aforementioned 1) through 3). 

Moreover, the present invention provides 5) a 
process for producing exogenous protein comprising 
inserting an expression vector for insect cells according 
to the aforementioned 4) into insect cells. 

Moreover f the present invention provides 6) a 
process for producing exogenous protein comprising 
producing a recombinant silkworm in which a gene cassette 
for expressing an exogenous protein according to any of 
the aforementioned 1) through 3) is incorporated in its 
chromosomes, and after producing the exogenous protein in 
the silk glands or silk thread of the resulting 
recombinant silkworm, recovering the exogenous protein 
from the silk glands or silk thread. 

In addition, the present invention provides 7) a 
recombinant silkworm in which a gene cassette for 
expressing an exogenous protein according to any of the 
aforementioned 1) through 3) is incorporated in its 
chromosomes, and has the ability to produce exogenous 
protein in its silk glands or silk thread* 

Moreover, the present invention provides 8) a silk 
thread containing an exogenous protein produced by the 



silkworm according to the aforementioned 7). 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig* 1 is a drawing showing a restriction map of 
gene insertion vector pigSIB. 

Fig. 2 is a drawing showing a restriction map of 
gene insertion vector pigFIB. 

Fig. 3 is a drawing showing a restriction map of 
plasmid pHA3PIG having a transposase. 

Fig. 4 is a drawing showing the results of treating 
the genomic DNA of 11 silkworms (Gl) obtained from the 
positive moth groups of Table • 1 with EcoRV and XmnI, 
followed by performing Southern blotting analysis using 

feline interf eron-co gene as a probe . 

Fig, 5 is a drawing showing the antiviral activity, 
of a silk thread extract of a recombinant silkworm into 

which was inserted feline interf eron-co gene coupled to 

fibroin H chain promoter. The sample in the dyed lane i 
shown to have activity. 

Fig. 6 is a drawing showing the results of treating 
silkworm silk gland genomic DNA obtained from the 
positive moth groups of Table 3 (3 moth groups from 
Sxperimeht 1 and 2 moth groups from Experiment 2 ) with 
ecoRI or Bglll followed by performing Southern blotting 

analysis using feline interf eron-co gene as a probe. 

Fig. 7 is a drawing of the detection of expression 
of feline interferon mRNA in a middle silk thread of a 
gene recombinant silkworm by RT-PCR. 

Fig. 8 is a drawing showing the antiviral activity 
of a middle silk gland extract and a cocoon and silk 
thread extract of a recombinant silkworm into which was 

inserted feline interf eron-co gene coupled to a sericin 

promoter. The sample in. the dyed lane is shown to have 
activity. 

Fig. 9 is a drawing showing the procedure for 
producing a construct for gene insertion containing a P- 



IC-A gene cassette (first half). 

Fig. 10 is a drawing showing the procedure ' for 
producing a construct for gene insertion containing a P- 
IC-A gene cassette (second half). 

Fig. 11 is a drawing • shewing the procedure for 
producing a construct for gene insertion containing an 
HP-IC-HA gene cassette (first half). 

Fig, 12 is a drawing showing the procedure for 
producing a construct for gene insertion containing an 
HP-IC-HA gene cassette (second half). 

Fig. 13 is a drawing showing the procedure for 
producing a construct for gene insertion containing an 
hup-ic-ha gene cassette (first half). 

Fig, 14 is a drawing showing the procedure for 
producing a construct for gene insertion containing an 
RUP-IC-HA gene cassette (second half). 

Fig. 15 is a drawing showing the procedure for 
producing a construct for gene insertion containing an 
HP-IC-A gene cassette (first half). 

Fig. 16 is a drawing showing the procedure for 
producing a construct for gene insertion containing an 
HP-IC-A gene cassette (second half). 

Fig. 17 is a drawing of the analysis of the 
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expression of (3-galactosidase in cultured silkworm silk 
glands by Western analysis- The first exon, first intron 
and second exon regions of fibroin H chain gene were 
clearly determined to play an important role in synthesis 
or gene expression of proteins within cells. In 
addition , secretion outside the cells was also confirmed. 

Fig. 18 is a drawing of the analysis of the 
expression of recombinant protein in silkworm silk gland 
tissue by Western analysis- The first exon, first intron 
and second exon regions of fibroin H chain gene were 
reconfirmed to play an important role in dramatically 
improving the expression of recombinant protein in 
silkworm posterior silk gland cells. In addition, a gene 
region that improves the amount of protein produced was 



found in a roughly 5.5 kbp upstream region from the 
fibroin promoter. 

Fig. 19 is a drawing of the analysis of the 
production of recombinant protein in silk thread by 
Western analysis. The 3' terminal portion of fibroin H 
chain gene was determined to play an important role in 
secretion of protein synthesized within silk gland cells 
to silk thread. In addition, a gene region that improves 
the amount of protein produced was reconfirmed in the 
roughly 5.5 kbp upstream region from the fibroin 
promoter : 

BEST MODE FOR CARRYING OUT THE INVENTION 
Cytokines are proteins produced by various cells 
that have immunoregulatory activity, antiviral activity 
and blood cell growth activity on hematopoietic cells and 
immunocytes. Their activity is demonstrated as a result 
of forming a precise higher order structure and bonding 
to specific receptors on the cell membrane. They have 
previously been applied clinically to humans and animals 
based on the characteristics of their activity* 

Although there are no particular limitations on the 
cytokines of the present invention , they should be 
cytokines for which their physiological activity is 
maintained when expressed in silkworms, examples of which 
include physiologically active substances having 
immunoregulatory activity, antiviral activity or blood 
cell growth activity and so forth such as human 
interf eron-a r £ and y (J. Interferon Res. 5, 521-526, 

1985; Nucleic Acids Res. 10, 2487-2501, 1982), human • 
interleukin-12 (J. Immunol. 146, 3074-3081, 1991), human 
granulocyte colony stimulating factor (Nature, 319, 415- 
418, 1986), human erythropoietin (Nature, 313, 806-810, 
1985), human thrombopoietin (Cell, 77, 1177-1124, 1994), 

feline interf eron-co, (Biosci. Biotech. Biochem* , 56, 

211-214, 1992, GenBank database registration no. E04599), 



feline erythropoietin (GenBank database registration no, 
FDU00685), feline granulocyte colony stimulating factor 
(Gene, 274, 263-269, 2001) , canine interferon-? (GenBank 
database registration no.. S41201), canine inter leukin-12 
(Japanese Unexamined Patent Publication No. 10-36397) and 
canine granulocyte colony stimulating factor (US Patent 
No. 5606024). Preferable examples of cytokines include 
interferons and colony stimulating factors, and these 
preferably include interf eron-a, (3, y, co and x along with 
colony stimulating factor, erythropoietin and 
thrombopoietin. More preferable examples of cytokines 
include feline interf eron-co, feline granulocyte colony 
• stimulating factor and human interf eron-p. 

Feline interf eron-co gene is obtained by cutting out 
from a plasmid extracted from, for example, E m coll 
(pPeiFNl) (Patent Microorganism Depository No. 1633). in 
addition r this gene can also be obtained from rBNVlOO 
produced by co-transf ecting into established silkworm 
cells with a recombinant plasmid produced by ligating 
feline interf eron-co gene to a silkworm cloning vector 
(T. Horiuchi, et al . , Agric* Biol. Chenw , 51, 1573-1580, 
1987), and silkworm nuclear polyhedrosis virus. 

Feline granulocyte colony stimulating factor can be 
obtained by stimulating CRFK cells, which are cultured 
cells originating in feline kidney, with LPS followod by 
recovering mRNA from the cells and then carrying out PCR 
using the cDNA obtained by reverse transcription as a 
template and using primers established with reference to 
GenBank database . registration no. AB04 25 52* 

Human interf eron-p gene can be acquired by cutting 
out from plasmid ORF-hlFN-p ( invitrogen ) that encodes its 

CDNA. 

The method for inserting a gene into silkworm 
chromosomes used in the present invention should enable 
the gene to be stably incorporated and expressed in the 



-chromosomes, and be stably propagated to. of f spring, as 
well, by mating. Although a method using micro-in jection 
into silkworm eggs or a method using a gene gun can be 
used, a method that is used preferably consists -of the 
micro-injection into silkworm eggs with a target gene 
containing vector for insertion of an exogenous gene into 
silkworm chromosomes and helper plasmid containing a 
transposon gene (Nature Biotechnology 18, 81-84, 2000) 
s imultaneous ly . 

The target gene is inserted into reproductive cells 
in a recombinant silkworm that has been hatched and grown 
from the micro-injected silkworm eggs. Offspring of a 
recombinant silkworm obtained in this manner are able to 
stably retain the target gene in their chromosomes . The 
gene recombinant silkworm obtained in the present 
invention can be maintained in the same manner as 
ordinary silkworms. Namely, up to fifth instar silkworms 
can be raised by incubating the eggs under normal 
conditions, collecting the hatched larva to artificial 
feed and then raising under the same conditions as 
ordinary silkworms. 

Gene recombinant silkworms obtained in the present 
invention are able to pupate and produce a cocoon in the 
same manner as ordinary silkworms* Males and females are 
distinguished in the pupa stage, and after having 
transformed into moths, males and females mate and eggs 
are gathered on the following day. The eggs can be 
stored in the same manner as ordinary silkworm eggs. The 
gene recombinant silkworms of the present invention can 
be maintained on subsequent generations by repeating the 
breeding as described above, and can be increased to 
large numbers. 

The exogenous gene insertion vector used for the 
purpose of inserting a cytokine gene used in the present 
invention into silkworm chromosomes is not subject to any 
particular limitations provided it is designed so as to 
precisely control cytokine expression. Normally, it has 



a structure in which the cytokine gene is coupled to 
downstream from a promoter specifically expressed in the 
silk glands and upstream from an arbitrary poly A 
sequence, and has a pair of DNA sequences originating in 
a transposon outside these gene sequences. Moreover, a 
signal sequence originating in an arbitrary gene may be 
coupled between the cytokine gene and the promoter, and 
an arbitrary gene sequence may also be coupled between 
the cytokine gene and poly A. In addition, an 
artificially designed and synthesized gene sequence can 
also be coupled. In addition, a sequence for replication 
within a bacterial host, antibiotic resistance gene, 
fluorescence protein gene or Lacz gene and so forth can 
also be coupled as necessary. For example, the gene of 
green fluorescence protein GFP coupled downstream from a 
suitable promoter can be inserted at a suitable location 
between a pair of transposon DNA sequences. As a result, 
this facilitates screening for gene recombinant 
silkworms. in addition, this vector may also contain all 
or a portion of P UC9, P UC19 or other plasmids originating 
in E. coll., 

Moreover, although there are no particular 
limitations on the promoter used here, and any promoter 
originating in any organism can be used provided its acts 
effectively within silkworm cells, a promoter that has 
been designed to specifically induce protein in silkworm 
silk glands is preferable. Examples of silkworm silk 
gland protein promoters include fibroin H chain promoter, 
fibroin L chain promoter, p25 promoter and sericin 
promoter. - 

Examples of other gene sequences used in addition to. 
the promoter include signal sequences, poly a sequences 
and other sequences that control gene expression. These 
are not limited to specific gene sequences, but rather 
those which are suitable for expression of the target 
gene can be selected. Examples include sequences 
originating in the target protein such as signal 



sequences of cytokines such as feline interf eron-co and 
poly A sequences, and signal sequences and poly A 
sequences of insect protein contained in the silkworm 
serving as the host. Alternatively/ other examples 
include sequences that have been proven to be generally 
effective for expressing proteins such as SV40 poly A and 
bovine growth hormone poly A. By changing the geiie 
sequence of the aforementioned promoters and the other 
sequences coupled with the cytokine genes, the locations 
where they are expressed and. the amounts expressed can be 
controlled. 

In the present invention, a "gene cassette for 
expressing an exogenous protein" refers to a set of DNA 
required for a synthesis of protein encoded by the 
exogenous protein structural gene in the case of being 
inserted into insect cells. This gene cassette for 
expressing an exogenous protein contains an exogenous 
protein structural "gene and a promoter that promotes 
expression of that gene. Normally, it also contains a 
terminator and poly A addition region, and preferably 
contains a promoter r exogenous protein structural gene, 
terminator and poly A addition region. Moreover, it may 
also contain a secretion signal gene coupled between the 
promoter and the exogenous protein structural gene. An 
arbitrary gene sequence may also be coupled between the 
poly A addition sequence and the exogenous protein 
structural gene. in addition, an artificially designed 
and synthesized gene sequence can also be coupled. 

In addition, a M gene cassette for inserting a gene" 
refers to a gene cassette for expressing an exogenous 
gene having an inverted repetitive sequence of a pair of 
piggyBac transposons on both sides, and consisting of a 
set of DNA inserted. into insect cell chromosomes through 
the action o£ the piggyBac transposons. 

There are no particular limitations on the method 
used to acquire DNA used in the present invention. 
Examples of such methods include a method in which a 



required gene region is amplified and acquired using a 
polymerase chain reaction (PGR) based on known genetic 
information, and a method in which a genome library or 
CDNA library is screened using homology as an indicator 
based on known genetic information. In the present 
invention, these genes include variants resulting from 
genetic polymorphism and artificial mutation treatment 
using mutagens and so forth. Genetic polymorphism refers 
to that in which a portion of the base sequence of a gene 
is altered by a sudden spontaneous mutation in the gene. 
Although there are no particular limitations on the 

promoter in the gene cassette for expressing an exogenous 

» 

protein, that having a high level of activity that 
promotes expression of an exogenous protein gene is 
preferable. Although examples include the promoter of 
drosophila heat shock protein gene described in Japanese 
Unexamined Patent Publication No. 6-2 61770 and the 
promoter of silkworm actin gene (Nature Biotechnology 18, 
81-84 , 2000), promoters having a high level of promoting 
activity in silkworm silk gland cells are preferable, 
examples of which include the promoters of fibroin H 
chain gene (base numbers 255-574 of GenBank registration 
no. V00094), fibroin L chain gene (Gene, 100, 151-158; 
GenBank registration no. M7 6430) and sericin gene (base 
numbers 599-1656 of GenBank registration no. AB007831). 

"Exogenous protein structural gene" refers to a gene 
not possessed by host cells in which a gene is to be 
expressed, and which encodes a protein not inherently 
produced by the host cells. Although there are no 
particular limitations thereon, in consideration of 
industrial value, examples include genes of proteins that 
are produced by humans or mammals such as genes of growth 
hormones, cytokines, growth factors and cell structural 
proteins. In addition, genes of enzymes and various 
proteins produced by microbes, plants or insects are also 
included in the scope of the present invention. 

In the gene cassette for expressing an exogenous 
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protein in the present invention, the 5' terminal portion 
of fibroin H chain gene is a DNA sequence having action 
that enhances expression of exogenous protein gene by a 
promoter, and contains a first exon of fibroin H chain 
5 gene, all or a portion of a first intron, and a portion 
of a second exon- By fusing the 5' side of an exogenous 
protein structural gene to the 3 • side of this second 
exon so that the amino acid, reading frame is contiguous, 
the amount of exogenous protein produced can be improved* 
10 However, since surplus amino acid residues are added to 
the N terminal side of the target exogenous protein if 
the second exon portion is too long, there are cases in 
which the structure or activity of the target exogenous 
protein is lost. Consequently, it is necessary that the 
15 second exon portion have a suitable length according to 

the purpose. in many cases, favorable results can be 
obtained by making the second exon portion to extend to 
immediately after or up to several amino acid residues 
from the secretion signal gene of fibroin H chain gene, 
20 in addition, as the region upstream from the 5' side of 
fibroin H chain gene promoter, namely a roughly 5.5 kbp 
upstream region, is considered to be the region that 
enhances promoter, activity, adding this region can be 
expected to increase the amount of target protein 
25 expressed. 

In the case of producing an exogenous protein in 
silkworm silk glands, the 3' terminal portion of fibroin 
H chain gene is a DNA sequence having the effect of 
causing secretion of a large amount of exogenous protein 

30 outside the silk gland cells. A recombinant silkworm in 
which a gene cassette for expressing .an exogenous 
protein, in which the 3 1 terminal portion of fibroin H 
chain gene serving as the signal for secreting into silk 
thread is fused to the 3' side, is inserted into its 

35 chromosomes is able to produce exogenous protein in its 
silk thread. in addition, the 3' terminal portion of 
fibroin H chain gene may be present upstream or 
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downstream from the exogenous protein gene or within the 
exogenous protein gene. 

In the case at least one cysteine residue is present 
in this portion and the 3' terminal of fibroin H chain 

■ 

gene is used as is, the cysteine residue is located at 
the 20th residue from the carboxyl terminal of the 
fibroin H chain gene. This cysteine fulfills the role of 
bonding to fibroin L chain by a disulfide bond. There 
are no particular limitations on the length of the DNA 
sequence of the 3 T terminal portion of fibroin H chain 
gene provided it does not inhibit formation of the 
disulfide bond with fibroin L chain. as a repetitive DNA 
sequence continues from about 100 or more bases upstream 
from the 3* terminal of fibroin H chain, cleaving the DNA 
sequence of this upstream portion to an arbitrary length 
is difficult with a restriction endonuclease . Thus, in 
consideration of the ease of genetic engineering 
techniques, roughly 10 0 base pairs on the 3' portion 
where the repetitive DNA sequence of fibroin H chain gene 
ends can be preferably used for the 3 1 terminal portion 
of fibroin H chain. in addition , as a large number of 
amino acids originating in the carboxyl terminal of 
fibroin H chain protein .bond to the carboxyl terminal or 
amino terminal of the exogenous protein if the 3 1 
terminal portion of fibroin H chain gene is excessively 
long, there are cases in which the structure or activity 
of the target exogenous protein is lost. Thus, there are 
cases in which it is necessary to make the DNA sequence 
of the 3 ' terminal portion of fibroin H chain gene as 
short as possible depending on the target protein. 

Although there are no particular limitations on the 
poly A region, a poly A region of a protein gene 
expressed in large amounts in silk glands, such as 
fibroin H chain, fibroin L chain or sericin, can be used 
preferably; 

A vector in the present invention refers to that 
having a cyclic or linear DNA structure. A vector 
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capable of replicating in £\ coll and having a cyclic DNA 
structure is particularly preferable. This vector can 
also incorporate a marker gene such as an antibiotic 
resistance gene or jellyfish green fluorescence protein 
gene for the purpose of facilitating selection of 
trans formants * 

Although there are no particular limitations on the 
insect cells used in the present invention, they are 
preferably lepidopteron cells, more preferably Bombyx 
mori cells , and even more preferably silkworm silk gland 
cells or cells contained in Bombyx morl eggs. In the 
case of silk gland cells, posterior silk gland cells of 
fifth instar silkworm larva are preferable because there 
is active synthesis of fibroin protein and they are 
easily handled. 

There are no particular limitations on the method 
used to incorporate a gene cassette for expression of 
exogenous protein and a vector into the insect cells. 
Although the calcium phosphate method, methods using 
electroporation, methods using liposomes, methods using a 
gene gun and methods using micro-injection can be used 
for incorporation into cultured insect cells , in the case 
of incorporating into silkworm silk gland cells, for 
example, a gene can be easily incorporated into posterior 
silk gland tissue removed from the body of a fifth instar 
silkworm larvae using a gene gun. 

Gene incorporation into the posterior silk gland 
using a gene gun can be carried out by, for example, 
bombarding gold particles coated with a vector containing 
a gene cassette for expressing exogenous protein into a 
posterior silk gland immobilized on an agar plate and so 
forth using a particle gun (Bio-Rad, Model No. PDS- 
1000/He) at an He gas pressure of 1,100 to 1,800 psi. 

In the case of incorporating a gene into cells 
contained in eggs of Bombyx mori r a method using micro- 
injection is preferable. Here, in the case of performing 
micro-injection into eggs, it is not necessary to micro- 
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inject into the cells of the eggs directly,, but rather a 
gene can be incorporated by simply micro-injecting into 
the eggs . 

A recombinant silkworm containing the "gene cassette 
for expressing an exogenous protein" of the present 
invention in its chromosomes can be acquired by micro- 
injecting a vector having a r, gene cassette for inserting 
a gene" into the eggs of Bombyx mori. For example, a 
first generation (Gl) silkworm is obtained by 
simultaneously micro-injecting a vector having a ^gene 
cassette for inserting a gene" and a plasmid in which a 
piggyBac transposase gene is arranged under the control 
of silkworm act in promoter into Bombyx morl eggs 
according to the method of Tamara, et al. (Nature 
Biotechnology 18, 81-8 4, 2 0 00) , followed by breeding the 
hatched larva and crossing the resulting adult insects 
(GO) within the same group • Recombinant silkworms 
normally appear at a' frequency of 1 to 2% among this Gl 
generation. 

Selection of recombinant silkworms can be carried by 
PCR using primers designed based on the exogenous protein 
gene sequence after isolating DNA from the Gl generation 
silkworm tissue. Alternatively, recombinant silkworms 
can be easily selected by inserting a gene encoding green 
fluorescence protein coupled downstream from a promoter 
capable of being expressed in silkworm cells into a "gene 
cassette for inserting a gene" in advance, and then 
selecting those individuals that emit green fluorescence 
under ultraviolet light among Gl generation silkworms at 
first instar stage. 

In addition, in the case of the micro-injection of a 
vector having a "gene cassette for inserting a gene" into 
Bombyx mori eggs for the purpose of acquiring recombinant 
silkworms containing a "gene cassette for expressing an 
exogenous protein" in their chromosomes, recombinant 
silkworms can be acquired in the same manner as described 
above by simultaneously micro-injecting a piggy3ac 



transposase protein* 

A piggyBac transposon refers to a transfer factor of 
dna having an inverted sequences of 13 base pairs on both 
ends and an ORF inside of about 2.1k base pairs. 
Although there are no particular limitations on the 
piggyBac transposon used in the present invention, 
examples of those that can be used include those 
originating in Trichoplusia ni cell line TN-3 68, 
Autographa californica npv (AcNPV) and Galleria mellonea 
NPV (GmMNPV) . A piggyBac transposon having gene and dna 
transfer activity can be preferably prepared using 
plasmids pHA3PIG and pPIGA3GFP having a portion of a 
piggyBac originating in Trichoplusia ni cell line TN-368 
(Nature Biotechnology 18, 81-84, 2000). 

The structure of the DNA sequence originating in a 
piggyBac is required to have a pair of inverted terminal 
sequences containing a ttaa sequence, and has an 
exogenous gene such as a cytokine gene inserted between 
those dna sequences. it is more preferable to use a 
transposase in order to insert an exogenous gene into 
silkworm chromosomes using a DNA sequence originating in 
a transposon. for example, the frequency at which a gene 
is inserted into silkworm chromosomes can be improved 
considerably by simultaneously inserting DNA capable of 
expressing a piggyBac transposase to enable the 
transposase transcribed and translated in the silkworm 
cells to recognize the two pairs of inverted terminal 
sequences, cut. out the gene fragment between them, and 
transfer it to silkworm chromosomes. 

The gene recombinant silkworm used in the present 
invention refers to a silkworm which has had inserted 
into its chromosomes an exogenous protein gene, and after ■ 
treating the silkworm chromosomal DNA with restriction 
endonuclease in accordance with ordinary methods, yields 
a positive signal when subjected to Southern . blotting 
using the exogenous protein gene labeled in accordance 
with ordinary methods as a probe. There are no 
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particular limitations on the gene locus on the 
chromosome into which a cytokine gene has been inserted 
provided it is a site that does not inhibit silkworm 
development , differentiation and growth. The recombinant 
silkworm has the ability to produce exogenous protein in 
its silk gland cells f silk gland lumen and silk thread. 
In addition , the recombinant silkworm is able to develop 
and mate normally, stably retain the inserted exogenous 
protein gene, and transmit that gene to its offspring* 
Thus, the amount of exogenous protein produced can easily 
be increased by increasing the number of recombinant 
silkworms through crossing. Crossing between transgenic 
silkworm strain and non-transgenic strain can increase 
the amount of the produced exogenous protein. in this 
case, it is necessary to cross the silkworms while 
suitably selecting those silkworms into which the target 
exogenous protein gene has been inserted- In this case, 
offspring that have inherited the gene of the recombinant 
silkworm can be easily evaluated by analyzing a marker 
gene used to select the recombinant silkworms or the 
presence or structure of the exogenous protein gene by 
PCR or Southern blotting and so forth using cell DNA 
obtained from an arbitrary tissue. 

insect cells and silkworm silk glands containing the 
gene cassette for expression of an exogenous protein of 
the present invention can produce exogenous protein in 
culture supernatant or their cells by respectively 
culturing in culture liquid suitable for their culturing. 
For example, BmN cells, which are silkworm ovary cells 
that have been inserted with the- expression gene cassette 
of the present invention, produce a target exogenous 
protein after 3 or 4 days of culturing by culturing at 
27°C in TC-100 medium (PharMingen ) . In addition, 
silkworm posterior silk gland produces exogenous protein 
by culturing at 25°C in Grace's insect medium after being 
excised aseptically from, for example, fifth^ instar 
larva. in the case of producing protein in silk glands, 



i J ■ J 1 



n, mui\ ij i on i u u u ui J ;T I V 1/11 



iiv. j\t VU i ■ J I / 



- 23 - 

it is preferable to maintain a high dissolved oxygen 
concentration in the medium, and culture while removing 
low molecular weight factors that inhibit protein 
synthesis that accumulate in the medium by, for example, 
an ultrafiltration membrane since this allows protein 
synthesis to proceed for a long period of time* 

A silk gland inserted with an exogenous protein gene 
fused to the 3 1 terminal of fibroin H chain gene of the 
present invention is capable of producing a large amount 
of a target exogenous protein in culture supernatant. 
Since nearly all contaminating proteins in the silk gland 
culture supernatant are fibroin, the target protein can 

« 

be easily purified from the silk gland culture 
supernatant, and as a result, a highly pure target 
protein can be obtained. 

The recombinant silkworm obtained in the present 
invention can be raised in the same manner as ordinary 
silkworms, and is able to produce exogenous protein by 
raising under ordinary conditions. The amount of 
exogenous protein produced can be improved by optimizing 
the temperature, humidity and feeding conditions, etc. 
during the fifth instar period in particular 
corresponding to the target exogenous protein. 

A recombinant silkworm inserted with an exogenous 
protein gene fused to the 3 ' terminal of fibroin H chain 
gene of the present invention is able to produce a large 
amount of a target exogenous protein in its cocoon. The 
target exogenous protein can also be easily purified and 
recovered from the resulting cocoon, in addition, 
depending on the function of the exogenous protein 
produced, silk thread containing the resulting exogenous 
protein can be used directly or in a partially processed 
form in various industrial applications* 

Exogenous protein can be obtained from the silk 
gland or cocoon and silk thread of a recombinant silkworm 
obtained in the present invention by a suitable 
extraction procedure. Although there are no particular 
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limitations on the solvent used to extract exogenous 
protein from silk glands or cocoon and silk thread, an 
aqueous solvent system is preferable in many cases. An 
aqueous solution used for extraction may contain a 
suitable solute for promoting extraction of the exogenous 
protein, examples of which include inorganic acids such 
as phosphoric acid, organic acids such as acetic acid, 
citric acid and malic acid, salts such as sodium 
chloride, urea, guanidine hydrochloride and calcium 
chloride, and polar organic solvents such as ethanol, 
methanol, acetonitrile and acetone. In addition, there 
are also no particular limitations on the pH of the 
extraction solution, and any arbitrary pH can be used 
provided it does not deactivate the function of the 
target exogenous protein. 

There are no particular limitations on the method 
for isolating and purifying the extracted exogenous 
protein, and ordinary protein purification methods can be 
used. For example, a target useful protein can be 
purified and isolated by combining chromatography using a 
silica gel carrier, ion exchange carrier, gel permeation 
carrier, chelating carrier or pigment-loaded carrier and. 
so forth, ultrafiltration, gel permeation, dialysis, de- 
salting by salting out or concentration and so forth 
using an inherently possessed function as an indicator. 

For example, feline interferon-co can be recovered in the 
soluble fraction obtained by homogenizing silk glands or 
cocoon and silk thread of a silkworm into which has been 
inserted a feline interf eron-co gene with 2 0 mM phosphate 
buffer (pH 7.0)* Moreover, the purity of the feline 
interferon-to can be increased by adsorbing the resulting 
extract liquid onto, for example, a Blue Sepharose 
carrier and eluting the resulting buffer solution 
containing the extract liquid after washing. 

Cytokines produced in this manner can be used in 
pharmaceutical applications as well as various 
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measurement and diagnostic applications in the same 
manner as cytokines produced with other conventional 
production processes. in this case, they may also be 
used as a mixture to which various additives have been 
added. in addition, the tissue or cocoon and silk thread 
of* a silkworm in which cytokines have been expressed can 
also be used directly or after processing as fibers for 
medical or clothing use. In addition , the tissue or silk 
thread of a recombinant silkworm in which enzymes have 
been expressed can be used directly in enzyme reactions. 

Examples 

Although the following provides a more detailed 
explanation of the present invention by indicating its 
examples, the present invention is not limited to the 
descriptions of these examples. 

Reference Example - Method for Measuring Antiviral 

Activity 

The physiological activity of interferon was 
measured according to the following method as antiviral 
activity* 

Antiviral activity was measured by the CPE method 
using vesicular stomatitis virus (VSV) for the virus, and 
using feline Fc9 cells (J.K. Yamamoto, et al.: Vet. 
Immunol, and Immunopathol * , 11, 1-19, 1986) for the 

susceptive cells in the case of feline interf eron-co, or 

human FL cells in the case of human interf eron-0. 

Namely, a sample diluent was added to the uppermost row 
of 9 6-well microtiter plate in which susceptive cells 
cultured at 3 7°C to confluency, and then serially 
diluting in two-fold increments moving towards the lower 
end of the plate. 

After culturing for 20 to 24 hours at 3 7 °G, VSV was 
added followed by additionally culturing for 16 to 20 
hours at 37 °c. Viable susceptive cells adhered to the 
microtiter plate were then stained with crystal-violet 
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stain containing 20% formalin, and as a result of 
measuring the optical absorbanee at 570 nm for the amount 
of crystal-violet remaining on the microplate, antiviral 
activity was determined by comparison with a standard . 
Intercat (Toray) adjusted to 1000 units/ml with cell 
culturing medium was used for the standard for .feline 
interf eron-co, while Feron (Toray) prepared to 1000 
units/ml with cell culturing medium was used for the 
standard for human interf eron-p . in addition , samples 
were used for the measurement of antiviral activity after 
diluting 15-fold with cell culturing medium. 

Example 1 - P reparation of Bombvx morl Genomic DNA 
Fifth instar third day silkworms were dissected to 
remove posterior silk gland tissue. After washing with 
lxSSC, 20 0 /xl of DNA extraction buffer (50 mM Tris-HCl 
(pH 8.0), 1 mM EDTA (pH 8.0), 100 mM Naci) were added. 
After adding Proteinase K (final concentration: 20 (xg/ral) 
and adequately grinding up the tissue with a grinder, 350 
\il of DNA extraction buffer and 6 0 fil of 10% SDS were 
added followed by incubating for 2 hours at 5 0°C. After 
adding 500 \xl of Tris-HCl-saturated phenol (pH 8.0) and 
mixing for 10 minutes, the supernatant was recovered by 
centrifuging for 5 minutes at 4°C and 10,000 rpm. After 
adding an equal volume of phenol/chlorof orm/isoamyl 
alcohol (25:24:1) to the supernatant and mixing, the 
resulting mixture was centrifuged. 
Phenol/chloroform/isoamyl alcohol was again added 
followed by centrifuging and recovery of the supernatant. 
After adding an equal volume of chlorof orra/isoarayl 
alcohol (24:1) and mixing, the mixture was centrifuged. 
Chloroform/isoamyl alcohol was again added to the 
resulting supernatant followed by centrifuging and 
recovery of the supernatant. 1/10 volume 3 M sodium 
acetate (pH 5*2) was then added to the resulting 
supernatant and mixed and, after additionally adding 2,5 



volumes of cold ethanol and allowing it to stand 
undisturbed for 30 minutes at ~80°C, the mixture was 
centrifuged for 10 minutes at 4°C and 15,000 rpm to 
precipitate genomic DNA. After washing the DNA 
precipitate with 70% ethanol, the precipitate was air- 
dried. The precipitate was then dissolved in sterile 
water containing RNase to 100 jig/ml to prepare a diluted 
genomic DNA solution . 

Example 2 - Gene Preparation 

The genes used were acquired by PCR by producing 
primers for the sequences on both ends using known 
sequences and using suitable DNA sources for the 
templates. Restriction sites were added to the ends of 
the primers for the subsequent gene construction 
procedure - 

Feline interf eron-co gene (base numbers 9-593 of 
GenBank registration no. S62636) was acquired by PCR 
using two types of primers consisting of primer 3 (SEQ. 
ID No. 3) and primer 4 (SEQ. ID No. 4) and using 
baculovirus rBNVlOO encoding feline interf eron-co gene 
for the template- rBNVlOO can be produced by, for 
example, cutting out FelFN gene from a plasmid extracted' 
from E+ coll (pFelFNl) (Patent Microorganism Depository 
No. 1633), coupling to a silkworm cloning vector (T. 
Horiuchi, et al w Agric. Biol. Chem. , 51, 1573-1580, 
1987), and co-transf ecting silkworm established cells 
with the recombinant plasmid produced and silkworm 
nuclear polyhedrosis virus DNA. 

Sericin-1 gene promoter (base numbers 599-1656 of 
GenBank registration no. ABO 07 831) was acquired by PCR 
using two types of primers consisting of primer 5 (SEQ, 
ID No. 5) and primer 6 (SEQ. ID No . 6) and using silkworm 
chromosomal DNA for the template. Fibroin H chain gene 
promoter (base numbers 255-574 of GenBank registration 
no. V00094) was acquired by PCR using two types of 
primers consisting of primer 7 (SEQ, ID No. 7) and primer 



8 (SEQ. ID No. 8) and using, silkworm chromosomal DNA for 
the template. Bovine growth hormone gene poly A 
(pcDNA3*l(+) sequence numbers 1011-1253) was acquired by 
PCR using two types of primers consisting of primer 9 
(SEQ. ID No- 9) and primer 10 ( SEQ. ID No, 10) and using 
plasmid pcDNA3-l(+) vector (Invitrogen) for the template. 

PCR was carried out in accordance with the 
accompanying protocol using KODplus (Toyobo) . Namely, 
after adding. 10 ng of each template in the case of a 
plasmid or 100 ng in the case of chromosomal DNA, 30 pmol 
of each primer and 10 pil of the lOxPCR buffer provided, 
each reagent was added to a concentration of 1 mM MgCl 2/ 
0,2 mM dNTPs and 2 units of KODplus followed by bringing 
up to a final volume of 100 jil. The PCR components were 
then reacted for 30 cycles using a Perkin-Elmer DNA 
thermal cycler under DNA denaturation conditions of 94 °C 
for 15 seconds, primer annealing conditions of 55 °C for 
30 seconds, and elongation conditions of 68 °C for 30 to 
60 seconds. 

These reaction solutions were electrophoresed with 1 
to 1.5% agarose gel, and DNA fragments consisting of a 
roughly 58 0 bp fragment in the case of feline interferen- 
ce gene, a roughly 1 Jcbp fragment in the case of sericin- 
1 promoter, a roughly 32 0 bp fragment in the case of 
fibroin H chain promoter, and a roughly 230 bp fragment 
in the case of bovine growth hormone poly A were 
extracted and prepared in accordance with ordinary 
methods* After phosphorylating these DNA fragments with 
polynucleotide kinase (Takara Shuzo), they were ligated 
to pUC19 vector subjected to dephosphorylation treatment 
after being cleaved with Hindi by reacting overnight at 
16°C using DNA Ligation Kit Ver, 2 (Takara Shuzo}. These 
were then used to transform E. coli in accordance with 
ordinary methods and the resulting transf ormants were 
confirmed to contain the PCR fragments by performing PCR 
on the resulting colonies under the same conditions as 



previously described to prepare plasmids in which the PCR 
fragments were inserted according to ordinary methods. 
These plasmids were sequenced to confirm that the - 
resulting fragments consisted of the base sequences of 
each gene. 

Example 3 - Pro duction of Plasmids for fienQ 
Insertion 

pigA3GFP (Nature Biotechnology 18, 81-84, 2000) was 
used for the plasmid for gene insertion. Namely, vector 
pigA3GFP is a vector in which after removing a region 
encoding transposase from plasmid p3E1.2 disclosed in US 
Patent No* 6218185, an A3 promoter (base numbers 1764- 
2595 of GenBank registration no. U49854), GFP originating 
in pEGFP-Nl vector (Clontech) and poly A addition 
sequence originating in SV40 (base numbers 659-2578 of 
GenBank registration no. U55762) are inserted into that 
portion (Nature Biotechnology 18, 81-84, 2000), The 
expression unit of feline interf eron-co gene was inserted 
at the xhoi site upstream from the A3 promoter. The 
expression units of the inserted genes consisted of a 
sericin-1 gene promoter-feline . interf eron-co-bovine 
growth hormone poly A addition sequence ( SEQ . ID No. 1) , 
or a fibroin H chain gene promoter-feline interf eron-oo- 
bovine growth hormone poly A addition sequence ( SEQ. ID 
No. 2). The following provides a detailed description of 
the method. 

Genes were cleaved from the plasmids prepared in 
Example 2 using the restrictase sites preset in the 
primers. Namely, insert fragments were cleaved using 
EcoRi and Sail in the case of sericin-1 gene promoter and 
fibroin H chain gene promoter, Sail and xbai in the case 
of feline interf eron-co, and Xbai and BamHl in the case 
of bovine growth hormone poly A f followed by 
electrophoresing with 1 to 1.5% agarose gel and 
extracting and purifying the fragments in accordance with 
ordinary methods. 



200 ng of sericin-1 gene fragment, 100 ng of feline 

inter feron-co gene fragment, and 50 ng of bovine growth 

hormone poly A were mixed and reacted overnight at 16°C 
by adding an equal volume of DNA Ligation Kit Version 2 

(Takara Shuzo) • 0.5 ^il of the reaction solution was 

subjected to PCR using primer 11 ( SEQ, ID No, 11) and 
primer 12 (SEQ, ID No. 12) for 2 minutes of elongation 
under the same conditions as Example 2, These reaction 
solutions were electrophoresed with 1% agarose gel, and 
the amplified, roughly 1.9 kb, DNA fragment (SIB 
fragment) was extracted and purified in accordance with 
ordinary methods. 

Similarly, 70 ng of fibroin H chain gene promoter 

fragment, 100 ng of feline interf eron-co gene fragment 

and 50 ng of bovine growth hormone poly A were mixed and 
reacted overnight at 16 °C by adding an equal volume of 

DNA Ligation Kit version 2 (Takara Shuzo)* 0.5 fxl of the 

reaction solution was subjected to PCR using primer 13 
(SEQ. ID No. 13) and primer 12 (SEQ. ID No. 12) for 2 
minutes of elongation under the same conditions as 
Example 1 . These reaction solutions were electrophoresed 
with 1% agarose gel, and the amplified roughly 1.5 kb DNA 
fragment (FIB fragment) was extracted and purified in 
accordance with ordinary methods. 

After digesting these fragments with Xhol, they were 
ligated to pigA3GFP and subjected to Xhol treatment and 
dephosphorylation treatment by reacting overnight at 16 °C 
using DNA Ligation Kit ver. 2 (Takara Shuzo). The 
plasmid containing the SIB fragment was designated as 
pigSIB (Fig. 1), and the plasmid containing the FIB 
fragment was designated as pigFIB (Fig. 2), and these 
were purified by centrifuging twice using the cesium 
chloride method and then used in a gene insertion 
experiment . 

Example 4 - Production of Gene Recombinant Silkworms 
(Fibroin H Chain Gene Promoter) 



The aforementioned pigFI3 and helper plasmid pHA3PlG 
(Fig. 3, Nature Biotechnology 18 , 81-84 , 2000) were 
adjusted to a concentration of 200 ng/ml each in 0.5 mM 
phosphate buffer (pH 7.0) and 5 mM KCl, after which 15 to 
20 nl were micro-injected into silkworm eggs within 4 
hours after being laid. 

The larva that hatched from those silkworm eggs were 
raised, and the resulting adults (GO) were crossed within 
the same group. By observing the resulting first 
generation {Gl) individuals with fluorescence of green 
fluorescence protein that had been simultaneously 
inserted with feline interf eron-co gene, those silkworms 
that contained the feline interf eron-co gene in their 
chromosomes were screened. The ratios of the moth groups 
in which silkworms containing the inserted gene were 
obtained are shown in Table 1, The silkworm eggs were 
injected twice , and gene recombinant silkworms were 
obtained from one moth group by the second injection. 
Table 1 Acquisition Status of Gene Recombinant Silkworms 
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The results of Southern blotting on the gene 
recombinant silkworms obtained from that moth group are 
shown in Fig. 4. The method employed for Southern 
blotting consisted of extracting chromosomal DNA from the 
Gl generation moths, electrophoresing restrictase-treated .. 
samples, and detecting a membrane to which the DNA was 
transferred by chemiluminescence using the AlkPhos Direct 
Labeling and Detection System ( Airier sham-Pharmacia) using 
a nucleic acid probe specific for feline interf eron-oo. 
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When 11 Gl moths were investigated, feline 

interferon-to gene was confirmed to have been inserted 

into 10 of the silkworms. 

Example 5 - Confirmation of Feline Interferon 
Production (Fibroin H Chain Promoter ) 

Since feline interf eron-au has antiviral activity, 

the presence of feline interf eron-o> can be determined 

according to its activity* Silkworms (Gl) of the 
positive moth group obtained in Example 4 were mated with 
wild silkworms, and the middle and posterior silk glands 
excised from fifth instar larva of the resulting 
generation (G2) were confirmed to be inserted with feline 

interf eron-co gene* These were then homogenized using 20 

mM sodium phosphate buffer (pH 7.0), and the resulting 
extract was measured using an antiviral activity 
measuring system that used feline cells, as a result, 
although antiviral activity was detected for both middle 
silk glands and posterior silk glands from the silk gland 
extracts of gene-containing silkworms, activity was not 
detected from the silk gland extracts of wild silkworms 
used as the control* Those results are shown in Fig. 5. 

Feline interf eron-co is thought to mainly be 
expressed in posterior silk glands under the control of 
fibroin H chain promoter. It is believed to subsequently 
migrate into the middle and. anterior silk glands in the 
same manner as fibroin, and the distribution of 
physiological activity is considered to coincide with 
this. On the other hand, there was no antiviral activity 
detected from silkworms into which the gene was not 
inserted. This clearly demonstrates that feline 
interf eron-o) protein is expressed while retaining its 
physiological activity in silkworms into which feline 
interf eron-co gene has been inserted* 

Example 6 - Purification of Feline Interferon 
Feline interferon was purified from the extract of 
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posterior silk glands excised from G2 generation, fifth 
instar silkworms obtained in Example 5. 1 ml of extract 
was passed through a HiTrap Blue Sepharose column 
(Amersham-Pharmacia) followed by washing the column with 
10 ml of 20 mM sodium phosphate buffer (pH 7.0). 
Continuing, the column was eluted with 10 ml of 20 mM 
sodium phosphate buffer (pH 8.0) -0.5 M NaCl and then with 
10 ml of 20 mM sodium phosphate buffer (pH 8.0)-l M NaCl. 
The washing fraction, 0.5 M elution fraction and 1 m 
elution fraction were collected, desalted and 
concentrated to about 1 ml. The results of determining 
the antiviral activity and amount of protein of the 
extract and each purified fraction are shown in Table 2. 
Table 2 Purification of Feline Interf eron-co by Blue 





Antiviral 
activity 
(U/ml) 


Amt . of 
protein 
(mcr/ml ) 


Specific 
activity 
(U/mg) 


Extracted 
sample 


523 


0.37 


1401 


Blank, 
washing 
fraction 


~23 


2.91 


8 


0.5 M NaCl 
elution 
fraction 


1494 


0.85 


1758 


l M Naci 
elution 
fraction 


>€270 


0.41 


>15293 



As a result of the purification procedure, antiviral 
activity, namely feline interf eron-co, could be recovered 
in the 1 M elution fraction, and its specific activity 
was roughly 10 times that of the extract . 

Example 7 - Production o f Recombinant Gene silkworm 

(Sericin-1 Promoter) 

The aforementioned pigSIB and a helper plasmid were 
adjusted to a concentration of 2 00 ng/ml each in 0.5 mM 
phosphate buffer (pH 7.0) and 5 mM KC1, after which 15 to 
2 0 nl were micro-injected into silkworm eggs within 4 
hours after being laid. The larva that hatched from 
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those silkworm eggs were raised, and the resulting adults 
(GO) were crossed within the same group. Insertion of 
feline interf eron-co gene into the chromosomes was 
investigated by observing the fluorescence of green 
fluorescence protein from the resulting first-generation 
(Gl) individuals. in two experiments, a gene recombinant 
vector containing feline interf eron-co gene coupled to 
sericin promoter was micro-injected into 1218 and 13 75 
eggs, respectively,, and 12 positive moth groups each were 
able to be obtained (Table 3). 

Table 3 Acquisition Status of Gene Recombinant Silkworms 



(Sericin Promoter) 



Experiment 
Group 


No . of 
eggs 
injected 


No . of 

eggs 
hatched 


No. of 
adults 


No. of 
sibling 
mated 
moths 


No. of moth 

groups 
positive* for 
feline 

interf eron-co 
gene 


1 


1218 


500 


320 


158 


12 


2 


1375 


540 


500 


225 


12 



One silkworm (Gl) each that was confirmed to contain 
the gene was selected from 3 moths groups in the first 
experiment and 2 moth groups in the second experiment 
among the resulting positive moth groups, and genomic DNA 
was extracted from their silk glands. After treating 
with EcoRI or Bglll, Southern blotting analysis was 
performed on the DNA using feline interf eron-co gene as a 
probe. Those results are shown in Fig. 6. As a result, 
feline interf eron-co gene was confirmed to be inserted in 
the genomes of all silkworms . in addition, the site at 
which the gene was inserted into the genome was 
determined to be different depending on the moth group 
due to differences in the detected signal size. 

Next, mRNA expression of feline interf eron-co gene 
was investigated. Seven Gl silkworms confirmed to 
contain feline interf eron-co gene by Southern blotting 
were randomly selected, their mRNA was extracted and the 
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expression of feline interf eron-co gene mRNA was 
investigated by RT-PCR. isogen (Nippon Gene) and 
Oligodex dT-3 0 (Roche Diagnostics) were used for mRNA 
extraction and purification, the Ready-To-Go T-Primed 
First-Strand Kit ( Amersham-Pharmacia) was used for cDNA 
synthesis, and the procedure was carried out according to 
the protocol provided with the kit. As a result of 
carrying out PCR under the same conditions as during the 
acquisition of feline interf eron-co gene of Example 2, 
expression of feline interf eron-co gene mRNA was - 
confirmed for all of the silkworms (Fig* 7). 

Example 8 - Confirmation of Feline Interferon 
Productio n in Middle Silk Glands and Cocoon and Silk 
Thread 

The middle silk glands were excised from three gene 
recombinant silkworms obtained in Example 7 and one wild 
silkworm followed by homogenizing using 20 mM sodium 
phosphate buffer (pH 7.0) and centrifuging to prepare 
extracts. in addition, one cocoon each from the gene 
recombinant silkworms and wild silkworm were extracted in 
the same manner* when these extracts were measured for 
their antiviral activity f antiviral activity was detected 
in the middle silk glands of all of the gene recombinant 
silkworms , but was not detected in the silk glands of the 
wild silkworm. Moreover, antiviral activity was also 
detected in the cocoons of the gene recombinant silkworms 
(Fig. 8). 

On the basis of these findings, feline interf eron-co 
was determined to be expressed in gene recombinant 
silkworms while retaining "its physiological activity, and 
that activity was determined to remain in the silk 
thread „ 

Example 9 - Production of Plasmids for Insertion of 
Human Interferon-^ Gene 

Production of plasmids for insertion of human 
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interferon-p gene was carried out according to the same 

method as the case of feline interf eron-co gene indicated 
in Examples 2 through 4 . 

Namely , PCR was carried out using primer 14 (SEQ. id 
No. 14) and primer 15 { SEQ. ID No. 15) and using plasmid 
pORF-hlFN-P encoding human interferon-p gene as a 
template to obtain a human interf eron-P gene fragment. 
After treating this fragment with restriction 
endonucleases Sail and Xbal, a plasmid was constructed 
that contained a gene expression sequence in which 
fibroin H chain gene promoter was coupled to the 5 1 
terminal or poly A signal originating in bovine growth 
hormone gene was coupled to the 3 1 terminal (fibroin H 
chain promoter- human interferon-p gene-bovine growth 
hormone gene poly A signal (FhIB): SEQ. id No. 16, 
sericin gene promoter-human interf eron-p-bovine growth 
•hormone gene poly A signal (ShIB) : SEQ. ID No. 17). 

The aforementioned FhIB and ShIB sequences for gene 
expression were then respectively cleaved from these 
plasmids by treating with Xhol, and coupled to pigA3GFF 
that had been subjected to dephosphorylation treatment 
after being cleaved with Xhol. The plasmid containing 
the FhIB fragment was designated as pigFhIB, while the 
plasmid that contained the ShIB fragment was designated 
as pigShlB. These fragments were purified by 
centrifuging twice according to the cesium chloride 
method and then used in a gene insertion experiment. 

Example 10 - Production of Human Interf eron-fi Gene 
Recombinant S i Ikworms 

Production of human interf erori-p gene recombinant 
silkworms was carried out according to the same method 
used to produce feline interferon-co gene recombinant 
silkworms indicated in Example 4 by using the gene 
insertion plasmids produced in Example 9 . 
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Namely, pigFhIB and pigShIB were respectively micro- 
injected into silkworm eggs together with helper plasmid 
pHA3PIG, and the resulting adults were crossed followed 
by screening of the next generation. When each plasmid 
was injected into 600 eggs, silkworms positive for green 
fluorescence were obtained in 7 moth groups for silkworms 
containing pigFhIB and in 5 moth groups for silkworms 
containing pigShIB, and insertion of the genes into their 
chromosomes was confirmed by PGR. The silk glands and 
silk thread were harvested from these silkworms and their 
extracts were used to measure the physiological activity 
of human interferon-f} in the form of their antiviral 
activity- The values are shown in the table after having 
been corrected for total protein concentrations in the 
samples. 

Table 4 Antiviral Activity in Tissue Extracts of Human 



Interferon-^ Gene Recombinant Silkworms 



Promoter 


Moth group 

no. ~ 
individual 
no. 


Antiviral activity (units/g 

protein ) 


Posterior 
silk glands 


Middle silk 
glands 


Silk thread 


Fibroin H 
chain 


3-1 
3-2 
11-1 
11-2 


599723 
656110 
502750 
115560 


82591 
41545 
19859 
39130 


Not tested 


Sericin 


1-1 
1-2 
5-1 
5-2 


Not tested 


53884 
648953 
437291 
541106 


42187 
101713 
133288 

92749 


Normal silkworms 


Not 

detected 


Not 

detected 


Not 

detected 



Detection limit: Approx. 10 00 units/g protein 
As a result, since antiviral activity was detected 
from the posterior and middle silk glands of the 
silkworms inserted with pigFhIB and antiviral activity 
was detected from the middle silk glands and silk thread 
of the silkworms inserted with pigShIB, interf eron-|3 was 

confirmed to be produced in the silk gland tissue of 
these silkworms. 
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Example 11 - Production of Plasmids for Insertion of 
Feline Granulocyte Colony Stimulating Factor Gene 
Production of plasmids for insertion of feline 
granulocyte colony stimulating factor gene was carried 
out according to the same method as the case of feline 
interf eron-co gene indicated in Examples 2 through 4. 

Feline granulocyte colony stimulating factor gene 
was obtained in the form of a feline granulocyte colony 
stimulating factor gene fragment by carrying out PCR 
using primer 18 (SEQ. ID No. 18) and primer 19 (SEQ, ID 
No, 19) from cDNA obtained from CRFK cells stimulated for 
2 4 hours with LPS at 10 |xg/ml according to the report of 
Yamamoto, et al. (Gene, 274, 263-269, 2001)- After 
treating this fragment with Sail and Xbal, plasmids were 
constructed that contained a sequence for gene expression 
in which fibroin H chain gene promoter or sericin gene 
promoter was coupled to the 5 ' terminal or poly A signal 
originating in bovine growth hormone gene was coupled to 
the 3* terminal (fibroin H ' chain promoter-feline 
granulocyte colony stimulating " factor gene-bovine growth 
hormone gene poly A signal (FGB): SEQ. ID No. 20, sericin 
gene promoter- feline granulocyte colony stimulating 
factor gene-bovine growth hormone gene poly A signal 
(SGB) : SEQ. ID No. 21). 

The aforementioned FGB and SGB sequences for gene 
expression were then respectively cleaved from these 
plasmids by treating with Xhol, and coupled to pigA3GFP 
that had been subjected to dephosphorylation treatment 
after being cleaved with xhol. The plasmid containing 
the FGB fragment was designated as pigFGB, while the 
plasmid that contained the SGB fragment was designated as 
pigSGB*.. These fragments were purified by centrifuging 
twice according to the cesium chloride method and then 
used in a gene insertion experiment. 

Example 12 - Production of Feline Granulocyte Colony 
Stimulating Factor Gene Recombinant Silkworms 
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Production of feline granulocyte colony stimulating 
factor gene recombinant silkworms was carried out 
according to the same method used to produce feline 
interferon-co gene recombinant silkworms indicated in 

Example 4 by using the gene insertion plasmids produced 
in Example n. 

Namely, pigFhlB arid pigShlB were respectively micro- 
injected into silkworm eggs together with helper plasmid 
PHA3PIG, and the resulting adults were crossed followed 
by screening of the next generation, when each plasmid 
was injected into 6 00 eggs, silkworms positive for green 
fluorescence were obtained' in 3 moth groups for silkworms 
containing pigFGB and in 7 moth groups for silkworms 
containing pigSGB, and insertion of the genes into their ' 
chromosomes was confirmed by pcr. The silk glands and 
silk thread were harvested from these silkworms and their 
extracts were used to measure the physiological activity 
of feline granulocyte colony stimulating factor in the 
form of growth promoting activity of NFS-60 cells (ATCC) . 

Measurement of growth promoting activity was carried 
out in the manner described below. First, NFS-60 cells 
were seeded in a 96-well plate in the absence of M-CSF at 
2 x 104 cells/well followed 30 minutes later by the 
addition of 10.^1 of sample. After culturing for an 
additional 24 hours, cell growth activity was measured 
using the Cell Counting Kit-8 (Dojindo) . The amount of 
sample that yielded 50% of the maximum growth promoting 
effect (ED50) was defined as 1 unit/ml, and the 
physiological activity in the sample was calculated by 
multiplying by the dilution factor. The values are shown 
in the table after having been corrected for total 
protein concentrations in the samples. 
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Table 5 Growth promoting Activity in Tissue Extracts of 
Feline Granulocyte Colony Stimulating Factor Gene 

Recombinant Silkworms 



Promoter 


Moth group 
no. - 

Individual 
no. 


Growth promoting activity (units/g 

protein) 




Posterior 
silk glands 


Middle silk 
glands 


Silk thread 


Fibroin H 
chain 


9-1 

16-1 
16-2 


36 
412 
326 
4039 


Not 
detected 
113 
226 
53 


Not tested 


Sericin 


3-1 
3-2 
8-1 
8-2 


Not tested 


4330 
2277 
3966 
2137 


590 
524 
846 
211 


normal silkworms 


Not 
detected 


Not 
detected 


Not 
detected 



Detection limit: Appro*. 2 0 units/g protein 
As a result, as growth promoting activity was 
detected from the posterior and middle silk glands of the 
silkworms inserted with pigFGB and growth promoting 
activity was detected from the middle silk glands and 
silk thread of the silkworms inserted with pigSGB, feline 
granulocyte colony stimulating factor was confirmed to be 
produced in the silk gland tissue of these silkworms. 
Example 3 3 - Gene Preaarafinn 

A study was conducted on improving production 
amounts in silk gland tissue and silk thread using feline 
interferon-co as a model of a physiologically active 
protein. 

The genes used were acguired by PCR by producing 
primers for the sequences on both ends using known 
sequences and using suitable DNA sources for the 
templates. Restrictase sites were added to the ends of 
the primers for subsequent gene manipulation. 

Fibroin H chain promoter (base numbers 62118-62437 
of GenBank registration no. AF22 6688: to be referred to 
as the P region) was acquired by PCR using two types of 
primers consisting of primer 25 (SEQ. id No. 25) and 
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primer 26 (SEQ. id No. 26) and using Bombyx mori genomic 
dna for the template. 

' Fibroin K chain promoter-fibroin H chain gene first 
exon-first intron-second exon region (base numbers 62118- 
63513 of GenBank registration no. AF226688: to be 
referred to as the HP region) was acquired by using two 
types of primers consisting of primer 25 (SEQ. ID No. 25) 
and primer 31 (SEQ. id No. 31) and using Bombyx mori 
genomic DNA for the template. 

Fibroin H chain upstream promoter-fibroin H chain 
gene first exon-first intron region (base numbers 57444- 
62927 of GenBank registration no. AF226688: to be 

referred to as the HUP region) was acquired by PC* using 

two types of primers consisting of primer 33 (SEQ. id No. 

33) and primer 34 (SEQ. ID no. 34) and using Bombyx mori 

genomic dna for the template. 

Feline interf eron-w gene (base numbers 9-5 93 of 
GenBank registration no. S62 636: to be referred to as the 
IC region) was acquired by PCR using two types of primers 
consisting of primer 27 (SEQ. ID No. 27) and primer 28 
(SEQ. id No. 28) and using baculovirus rBNVlOO, which 
encodes feline interf eron-w gene r for the template. 
rBNVlOO can be produced by, for example, cutting out 
feline interf eron-co gene from a plasmid extracted from 
E. coli (pFelFNl) (patent Microorganism Depository no. 
1633), coupling to a silkworm cloning vector (T. 
Horiuchi, et al., Agric . Biol. chem. , 51, 1573-1580, 
1987), and co-transf ecting silkworm . established cells 

with the recombinant plasmid produced and silkworm 

nuclear polyhidrosis virus DNA. 

Fibroin H chain poly a signal region (base* numbers 

79201-79995 of GenBank registration no. AF226688: to be 

referred to as the A region) was acquired by PCR using 

two types of primers consisting of primer _29. .(SEQ_..J.D .No. 

2'9) and" primer 30 (SEqT" Id'noV" 30 ) and "using Bombyx mori 

genomic dna for the template. 
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Fibroin h chain c terminal region gene-fibroin H 
chain poly A signal region (base numbers 79099-79995 of 
GenBank registration no. AF226688: to be referred to as 
the HA region) was acquired by PCR using two types of 
primers consisting of primer 32 ( SEQ . id no. 32) and 
primer 30 (SEQ. ID No. 30) and using Bombyx mori genomic 
dna for the template. 

3-galactosidase ((3-gal) gene was acquired by PCR 
using two types of primers consisting of primer 37 (SEQ. 
ID No. 37) and primer 38 (SEQ. ID No. 38} and using 
Ppgal-Basic vector (Clontech) for the template. 

PCR was carried out in accordance with the 
accompanying protocol using KODplus (Toyobo). Namely, 
after adding 100 ng of each template in the case of 
Bombyx mori genomic DNA or 10 ng in the case of Bombyx 
mori posterior silk gland cDNA and ppgal-Basic vector, 50 
pmol of each primer and 10 ^1 of the lOxPCR buffer 
provided, each reagent was added to a concentration of 1 
mM MgCl 2 , 0.2 mM dNIPs and 2 units of KODplus followed by 
bringing to a final volume of 100 ul. The PCR components 
were then reacted for 30 cycles using a Perkin-Elmer DNA 
thermal cycler under DNA denaturation conditions of 94 °c 
for 15. seconds, primer annealing conditions of 55 °c for 
30 seconds, and elongation conditions of 68 °C for 60 to 
30 0 seconds. 

These reaction solutions were electrophoresed with 1 
to 1.5% agarose gel, and a DNA fragment of roughly 0.3 
kbp in the P region, roughly 1.4 kbp in the HP region, 
roughly 5.5 kbp in the HUP region, roughly 580 bp in the 
IC region, roughly 0.8 bp in the A region, roughly 0 . 9 bp 
in the HA region and roughly 3.2 kbp in the p-gal gene 
were extracted and prepared in accordance with ordinary 
methods. After phosphorylating these DNA fragments with 
polynucleotide kinase (Takara Shuzo) , they were ligated 
to pDC19 vector subjected to dephosphorylation treatment 
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after being cleaved with Hindi by reacting overnight at 
16°C using DNA Ligation Kit Ver. 2 (Takara Shuzo) . These 
were then used to transform E. cold in accordance with 
ordinary methods and the resulting transf ormants were 
confirmed to be inserted with PGR fragments by performing 
PCR on the resulting colonies under the same conditions 
as previously described to prepare plasmids in which the . 
PCR fragments were inserted according to ordinary 
methods. These plasmids were sequenced to confirm that 
the resulting fragments consisted of the base sequences 
of each gene* 

Example 14 - Prod uction of Plasmids for Expression 
of fi-Galactosidase 

The plasmid retaining p-gal gene prepared in Example 
15 13 was cleaved with Sail and Hindi I I followed by 

insertion therein of a roughly 0.3 kbp fragment (P 
region) cleaved by Sail and HindTII from a plasmid 
retaining fibroin H chain promoter. Moreover, this was 
then cleaved with BamHI followed by insertion therein of 

2 0 a roughly 0.8 kbp region (A region) cleaved with BamHI 
from a plasmid having a fibroin h chain poly A signal 
region, and purifying the resulting plasmid retaining the 
p-gal gene using the Qiagen Plasmid Maxi.Kit in 
accordance with the protocol provided. The resulting 

25 plasmid was named pPgalA, and it was confirmed to be the 
target plasmid by PCR and sequencing. 

Similarly, the plasmid retaining the 3-gal gene 
prepared in Example 13 was cleaved with Sail and Hindili 
followed by insertion therein of a roughly 1.4 kbp 

30 fragment (HP region) cleaved with Sail and Hindili from a 

plasmid retaining the fibroin H chain promoter-fibroin H 
chain gene first exon-£irst intron-second exon region. 
Moreover, this was then cleaved with BamHI followed by 
insertion therein of a roughly 0.9 kbp fragment (HA 

35 region) cleaved with BamHI .from a plasmid retaining a 

fibroin H chain C terminal region-£ ibroin H chain poly A 
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signal region, and purifying the resulting plasmid 
retaining the £-gal gene using the Qiagen Plasmid -Maxi 
Kit in accordance with the protocol provided. The 
resulting plasmid was named pHPgalHA, and it was 
confirmed to be the target plasmid by PCR and sequencing. 

Example 15 - Pr oduction of Plasmids for Gene 

Insertion 

pigA3GFP (Nature Biotechnology .18, 81-84, 2000) was 
used for the plasmid for gene insertion. Namely, vector 
pigA3GFP is a vector in which after removing a region 
encoding transposase from plasmid p3E1.2 disclosed in US 
Patent No. 6218185, an A3 promoter {base numbers 1764- 
2595 of GenBank registration no, U4 9854), GFP originating 
in pEGFP-Nl vector (Clontech) and poly A addition 
sequence originating in SV40 (base numbers 659-2578 of 
GenBank registration no. U55 7 62) are inserted into that 
portion. The Xhol site located upstream from the A3 
promoter was blunt ended followed by insertion of an 
expression cassette of feline interf eron-co gene. The 
constitution of the gene expression cassette used in the 
present example consisted of fibroin H chain promoter- 
feline inter f eron-co-f ibroin H chain C terminal region- 
fibroin h chain poly A signal region (HP-IC-HA), or 
fibroin H chain upstream promoter-fibroin H chain gene 
first exon-first intron-second exon region-feline 
interf eron-oo~f ibroin H chain c terminal region-fibroin H 
chain poly A signal region (HUP-IC-HA) , or fibroin H 
chain promoter-fibroin H chain gene first exon-first 
intron-second exon region-feline interf eron-co-f ibroin H 
chain poly A. signal region (HP-IC-A) . 

The following indicates the specific method 
employed. 

The p-ic-A construct was produced according to the 
following procedure. The plasmid retaining feline - 
interf eron-co (ic region) prepared in Example 13 was 
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cleaved with Sail and Hindlli followed by insertion 
therein of a roughly 0.3 kbp fragment (P region) cleaved 
with sail and Hindin from a plasmid retaining fibroin H 
cnam promoter. Moreover, this was cleaved with BamKI 
followed by insertion therein of a roughly 0.8 kbp 
fragment (region A) cleaved with BamHI from a olasmid 
retaining fibroin H chain poly a signal region. This 
plasmxd retaining p, ic and A was cleaved with AscI and 
the cleaved roughly 1.7 kbp fragment was blunt ended with 
T4 DNA Polymerase (Takara Shuzo) and coupled to blunt 
ended and dephosphorylated pigA3GFP xhol site to produce 
a construct for gene insertion containing the P-ic-A gene 
cassette. The procedure -is shown in Figs. 9 and 10. 

The HP-ic-HA construct was produced in the following 
manner. The plasmid retaining feline interf eron~co (IC 
region) prepared in Example 13 was cleaved with Sail and 
Hmdin followed by insertion therein of a roughly 1 4 
kbp fragment (hp region) cleaved with Sail . and Hindlli 
from a plasmid retaining a fibroin H chain promoter- 
fibroin H chain gene first exon-first intron-second exon 
region. Moreover, this was cleaved with BamHI followed 
by insertion therein of a roughly 0.9 kbp fragment 
(region HA) cleaved with BamHI from a plasmid retaining 
fibroin H chain c terminal region-fibroin H chain poly A 
signal region. This plasmid retaining HP, ic and HA was 
cleaved with asci and the cleaved roughly 2.9 kbp 
fragment was blunt ended with T4 DNA Polymerase (Takara 
Shuzo) and coupled to blunt ended and dephosphorylated 
pigA3GFP xhol site to produce a construct for gene 
insertion containing the HP-IC-HA gene cassette. The 
procedure is shown in Figs. 11 and 12. 

The RUP-ic-HA construct was produced according to 
the following procedure. A roughly 2.1 kbp fibroin H 
chain first intron-second exon region-feline interferon- 
co-fibroin H chain C terminal region-fibroin H chain poly 
A signal region was acquired by PCR using two types of 
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primers consisting of primer 35 (SEQ. id No. 35) and 
primer 36 (SEQ. ID No . 36) and using 1 ng of HP-IC-HA 
construct for the template. This was then cleaved with 
Xhol and SphI followed by insertion therein of a roughly 
5.5 kbp fragment ( HUP region), cleaved with Xhol and SphI 
from a plasmid retaining fibroin H chain upstream 
promoter-fibroin H chain gene first exon-first intron. 
This plasmid retaining HUP, ic and HA was cleaved with 
ASCI and the cleaved roughly 7.6 kbp fragment was blunt 
ended with T4 DNA Polymerase (Takara Shuzo) and coupled 
to blunt ended and dephosphorylated pigA3GFP xhol site to 
produce a construct for gene insertion containing the 
hup-ic-ha gene cassette. The procedure is shown in Figs. 
13 and 14. 

The HP-ic-A construct was produced according to the 
procedure described below. The plasmid retaining feline 
interf eron-co ( ic region) prepared in Example 13 was 
cleaved with Sail and Hindlll followed by insertion ■ 
therein of a roughly 1.4 kbp fragment (HP region) cleaved 
with Sail and Hindlll from a plasmid retaining fibroin H 
ch&xn promoter-fibroin H chain first exon-first intron- - 
second exon region. Moreover, this was cleaved with 
BamHl followed by insertion therein of a 'roughly 0.8 kbp 
fragment (region A) cleaved with BamHI from a plasmid 
retaining fibroin H chain poly a signal region. This 
Plasmid retaining HP, ig, and A was cleaved with AscI and 
the cleaved roughly 2.8 kbp fragment was blunt ended with 
T4 DNA Polymerase (Takara Shuzo) and coupled to blunt 
ended and dephosphorylated pigA3GFP xhol site to produce 
a construct for gene insertion containing the HP-IC-A 
gene cassette. The procedure is shown in Figs. 15 and 
16. 

The P-IC-A gene insertion construct, hp-ic-ha gene 
insertion construct, HUP-IC-HA gene insertion construct 
and HP-ic-A gene insertion construct were purified using ■ 
the Qiagen Plasmid Maxi Kit in accordance with the 
protocol provided. 
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Example 1 6 - Express-! on of ft-^l a etPB ^ as> , -in 
Silkworm silk r,1 an rf 

Gold particles having a diameter of 1.6 m were 
washed and sterilized with 100% ethanol and then 
suspended in sterilized distilled water (60 mg/ml). 
incorporation of p-gal gene expression cassettes into 
silkworm silk glands was carried out using a gene gun. 
Namely, 50 (0.3 mg) of gold particles, 10 Vs of 
expression plasmid pPgalA or pHPgalHA obtained in Example 
14, 50 nl of 2.5 M calcium chloride and 20 ^1 of 0.1 « 
spermidine were successively mixed and after allowing to 
stand for 3 0 minutes at room temperature, the mixture was 
centrifuged to recover the gold particles coated with 
pHgalc. After washing the resulting metal particles 
twice with 70% ethanol, they were dispersed in 50 U l of 
100% ethanol. 10 ^1 of the suspension of gold particles 
were placed on a microcarrier and dried. The Model PDS- 
1000/He (Bio-Rad) was used for the gene gun. The 
posterior silk glands excised from fifth instar third day 
silkworm larva were gently washed twice with PBS, placed 
on a 1% agar plate and sprayed with gold particles coated 
with DNA at a pressure of 1,100 psi. Following insertion 
of DNA, the silk glands were transferred to 20 ml of 
Grace-s insect medium and cultured for 2 days at 25 C C. 
After culturing, the culture supernatant and silk gland 
cells were recovered and confirmed for the expression of 
3-gal. 

Expression was confirmed by Western analysis. The 
silk gland cells were homogenized in PBS to extract the 
cell contents. The culture supernatant and cell extract 
were both adjusted to a total protein concentration of 
1.0 mg/ml, and these were' then used as samples for SDS- 
PAGE. After blotting onto a membrane, J3- g al protein was 
detected using the ECL PlusTM Western Blotting Kit 
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(Amersham-Pharmacia) in accordance with the protocol 
provided. Namely, the blotted membrane was first blocked 
overnight at 4°C in blocking solution (5% skim milk, 0.1% 
Tween2 0/PBS ) . The membrane was then washed twice with 
TPBS {0.1% Tween 2 0/P3S) and treated for 1 hour at room 
temperature with anti-0-gal protein antibody (Sigma) 
diluted 1000-fold with TPBS. The membrane was washed 
twice with TP3S and additionally washed three times with 
TPBS for 5 minutes each. After diluting 10000-fold with 
TPBS, the membrane was treated for 1 hour at room 
temperature with KRP^-labeled anti-rabbit igG antibody. 
After washing the membrane twice with TPBS and then three 
times with TPBS for 5 minutes each, the detection 
reagents of the ECL PlusTM western Blotting Detection 
System (Amersham-Pharmacia) were added (Solution A + 
Solution B). Luminescence was then exposed onto 
- Hyperf ilmTMECLTM and developed. 

Since p-gal protein was only detected in the silk 
gland cells and culture supernatant containing pHPgalHA, 
it was clearly determined that a region other than 
fibroin H chain promoter, namely fibroin H chain gene 
first exon-first intron-second exon region, plays an 
important role in protein synthesis or gene expression 
within the cells. In addition, secretion outside the 
cells was also confirmed. Those results are shown in 
Fig. 17. 

Example 17 - Production of Recombinant Gene 
Silkworms 

Each of the gene insertion plasmids described in 
Example 15 and DNA that produces piggyBac transposase 
protein (pHA3PIG) were adjusted to a concentration of 20 0 
Hg/ml each in 0.5 mM phosphate buffer (pH 7.0) and 5 mM 
KCl, after which 3 to 2 0 nl were micro-injected into 
silkworm eggs within 4 hours after being laid; 

The larva that hatched from those silkworm eggs were 
raised, and the resulting adults (GO) were crossed within 
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the same group* By observing the resulting first 
generation (Gl) individuals for fluorescence of jellyfish 
green fluorescence protein, those silkworms that 
contained the jellyfish green fluorescence protein gene 
in their chromosomes were screened. As a result, gene 
recombinant silkworms were obtained that emitted 
fluorescent light due to the action of the jellyfish 
green fluorescence protein. 

Example 18 - Expression Analysis of Recombinant 
Protein in silk Gland Tissue by western Analysis 
The expression of feline interf eron-co in tissue was 
investigated by Western analysis after recovering the 
posterior silk gland tissue from non-trans formed 
silkworms and transformed silkworms (HP-IC-A transformed 
silkworms, hp-ic-HA transformed silkworms and HUP-IC-ha 
transformed silkworms). The silkworm posterior silk 
glands were homogenized in 100 mM sodium phosphate buffer 
(pH 7,0), and the supernatant was recovered following 
centrifugation for use as samples , Feline interferon was 
then detected using the ECL PlusTM Western Blotting Kit 
(Amer sham-Pharmacia) in accordance with the protocol 
provided* Namely, the blotted membrane was blocked 
overnight at 4 D C in blocking solution (5% skim milk, 0.1% 
Tween20/PBS) . The membrane was then washed twice with 
TPBS (0.1% Tween 20 /PBS) and treated for l hour at room 
temperature with anti-feline interferon antibody diluted 
10 00-fold with TPBS . The membrane was washed twice with 
TBPS and additionally washed three times with TPBS for 5 
minutes each. After diluting 10000-fold with TPBS, the 
membrane was treated for 1 hour at room temperature with 
HRP-labeled. anti-rabbit IgG antibody. After washing the 
membrane twice with tpbs and then three times with TPBS 
for 5 minutes each, the detection reagents of the ECL 
PlusTM Western Blotting Detection System (Amersham- 
Pharmacia) were added (Solution A + Solution B). 
Luminescence was then exposed onto Hyperf ilmTMECLTM and 
developed. As a result,' in contrast to signals not being 
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detected from posterior silk gland tissue of the non- 
transformed silkworms and P-IC-A construct transformed 
silkworms, signals were detected from the posterior silk 
gland tissue of transformed silkworms containing the HP- 
IC-A construct, HP-IC-HA construct and HUP-IC-HA 
construct. Based on the results of this experiment, a 
region other -than the fibroin H chain promoter, namely 
the fibroin H chain gene first exon-first intron-second 
exon region, was reconfirmed to play an important role in 
drastically improving protein synthesis or gene 
expression within silkworm posterior silk gland cells. 
These results are shown in Fig* 18. The accumulated 
amount of feline interferon in posterior silk gland 
tissue in the transformed silkworms containing the HUP- 
IC-HA gene cassette that contains the 5.5 kbp fibroin H 
chain 5' terminal region, feline interferon gene and 
fibroin H chain 3' terminal was higher than the 
accumulated amount of feline interferon in posterior silk 
gland tissue in transformed silkworms containing the HP- 
IC-HA gene cassette that contains the fibroin H chain 5* 
terminal promoter region, feline interferon gene and 
fibroin H chain 3' terminal. A gene region that improved 
the amount of protein produced is thought to be present 
in a region upstream from the H chain 5' terminal. 

Example 19 - Measurement of Recombinant Protein in 

Silk Thread by Western Analysis 

Next, the secretion of exogenous protein, namely 
feline interf eron-co, in silk thread was investigated* 
10 mg each of the cocoons from non-transformed 

■ 

silkworms and transformed silkworms (transformed 
silkworms containing the HP-IC-A gene, transformed 
silkworms containing the HP-IC-HA gene, and transformed 
silkworms containing' the HUP-IC-HA gene) were weighed 
out, and after adding 4 ml of 60% LiSCN and stirring, the 
cocoons were dissolved. by allowing to mix overnight at 
room" temperature. The dissolved cocoons were then 
diluted 10-fold with 8 M urea, 2% SDS and 5% 2- 
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mercaptoethanol to prepare samples. The levels of feline 
interferon in the samples were then detected using the 
ECL PlusTM Western Blotting Kit ( Amersham-Pharmacia) in 
accordance with the protocol provided. Those results 
5 were then measured for signal intensity using a Molecular 
Imager (Bio-Rad) and the protein contents were measured 
by comparing with the signal intensities of known 
concentrations of feline interferon. 

As a result, in contrast to signals not being 
10 .detected from the cocoons of the non-transformed 

silkworms and transformed silkworms containing HP-IC-A 
gene, signals were detected from the cocoons of 
transformed silkworms containing HP-ic-HA gene and - 
transformed silkworms containing HUP-IC-HA gene, thereby 
15 confirming that feline interferon protein is secreted 

into silk thread. In addition, the content was about 0.8 
to 2.0% in HP-IC-HA transformed silkworms, and about 1.8 
to 5.4% in HUP-IC-HA transformed silkworms. This is 
equivalent to 0.4 to 2 mg in terms of the weight per 
2 0 silkworm. 

On the basis of the results of this experiment , the 
3' terminal portion of fibroin H chain gene was clearly 
demonstrated to play an important role in the secretion 
of protein synthesized in posterior silk gland cells into 
25 silk thread. These results are shown in Fig. 19. The 

amount of feline interferon produced in transformed 
silkworms containing the HUP-IC-HA gene cassette that 
contains a 5.5 kbp fibroin H chain 5' terminal promoter 
region, feline interferon gene and fibroin H chain 3' 
30 terminal was higher than the amount of feline interferon 

produced in transformed silkworms containing the HP-IC-HA 
gene cassette that contains fibroin H chain 5 1 terminal 
promoter region, feline interferon gene and fibroin H 
chain 3* terminal. A gene region that improves the 
35 amount of protein produced is considered to be present in 
a region upstream from the H chain 5' terminal. 



Example 20 - Measurement of Recombinant Protein in 
Silk Thread by ELISA 

Quantitative determination of feline interf eron-o> 

in silk thread was carried out, 

10 (Jig each of the cocoons from non-transformed 

silkworms and transformed silkworms (transformed 
silkworms containing the hp-ic-A gene, transformed 
silkworms containing the BP-IC-HA gene, and transformed 
silkworms containing the HUP-IC-HA gene) were weighed 
out, and after adding 4 ml of 60% LiSCN and stirring, the 
cocoons were dissolved by allowing them to mix overnight 
at room temperature. The dissolved cocoons were diluted 
8-fold or 16-fold with PBS and applied to a microtiter 
plate. Known concentrations of feline interferon 
serially diluted with PBS were used for the standards* 

As a result, feline interf eron-co was not detected 

in silk thread in transformed silkworms containing HP-IC- 
A gene, but was detected at about 1*1 to 2.2% in 
transformed silkworms containing HP-IC-HA gene, and at 
about 1.0 to 4.9% in transformed silkworms containing 
HUP-IC-HA gene, 

INDUSTRIAL APPLICABILITY 
A cytokine could be recovered in large volume while 
retaining its physiological activity from the silk glands 
or silk thread of gene recombinant silkworms obtained by 
producing a plasmid vector, in which a cytokine gene is 
coupled to a promoter that functions in silkworm silk 
glands, and then inserting those genes into silkworm 
chromosomes. In addition,, the resulting cytokine extract 
has a low level of contaminating proteins, and can be 
purified easily as compared with methods of the prior 
art. 

A large amount of exogenous protein could be 
produced within silk gland cells, outside silk gland 
cells and in silk thread by inserting an expression gene 
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cassette, in which the DNA sequence of the 5 1 terminal 
portion and the DNA sequence of the 3 1 terminal portion 
of fibroin H chain gene w.ere fused to an exogenous 
protein gene, into silk gland cells and so forth. The 
5 use of this novel technigue led to the establishment of a 
technology for producing easily purified exogenous 
protein by producing exogenous protein using silk glands 
without the use of a recombinant baculovirus. 



